INTRODUCTION THE first part of this Address is a short commentary on Costen's syndrome; the second is a review of 100 treated cases of temporomandibular dysfunction out of more than 500.
[A colour film of the treatment of a typical case was shown at the Meeting.] The subject matter is complementary to my two previous papers on this subject (Hankey, 1954 (Hankey, , 1956 and should, if possible, be read in conjunction with them.
PART I.-A BRIEF DISCUSSION OF COSTEN'S SYNDROME Costen, an American otolaryngologist, ascribed the following syndrome of symptoms to temporomandibular joint dysfunction: (1) Neuralgia of the second or third divisions of the V nerve. (2) Pain in and around the ears. (3) Stuffy sensation in the ears. (4) Pain up the back of the head and down the side of the neck. (5) Headaches, chiefly of the vertex. (6) Sinus pains. (7) Impaired hearing. (8) Tinnitus. (9) Altered sensations of the tongue and throat, including changes of taste.
In a series of papers between 1934 and 1956 Costen analysed a large number of cases and enunciated the hypothesis that the symptoms were due to one or more of the following:
(1) Mandibular overclosure with distal condylar displacement and compression of the eustachian tube. (2) Actual direct erosion of the roof of the glenoid fossa and the tympanic plate. (3) Mesial pressure of the condyle on the chorda tympani. (4) Pressure of the retruded condyle on the auriculotemporal nerve.
Anatomically these explanations have not been substantiated (Zimmerman, 1951; Sicher, 1952; Shapiro and Truex, 1943) .
Clinically erosion of the roof of the glenoid fossa is extremely rare-it has been found in none of my cases, and ear symptoms other than pain are almost completely absent.
Neuralgia of varying types and degree is the commonest and most distressing symptom, and can only be explained as being reflex in origin from the joint or masticatory muscles. Care must be taken to exclude other causes of pain, e.g. dental, sinus infection, SW. (Harris, 1937) .
Although Costen has himself considerably modified his original views, and many of his concepts have since been found untenable, he has rendered a great service in pointing out the relationship between malocclusion, temporomandibular joint dysfunction and facial pain.
PART II.-AN ANALYSIS OF 100 TREATED CASES OF TEMPOROMANDIBULAR DYSFUNCTION These cases comprise a chance collection of 100 out of more than 500 treated by myself privately or in my clinics at The London and St. Bartholomew's Hospitals in the course of the last ten years: 68 of them have been treated since my first analysis of 150 cases in 1953 (Hankey, 1954) . This second analysis is put forward partly for comparison with the first but also as an attempt to answer some of the many questions put to me on this subject.
The statistics have been compiled from special Temporomandibular Clinic case-history sheets instituted by myself since 1953 and by means of questionnaire forms filled in at an actual re-examination of the patients in July 1957. Sex incidence.- Table I reveals the same sex incidence as in most other publications on this subject, i.e. 4 females to 1 male. There is no specific reason why females should predominate to this extent. Age incidence. -Table II shows that the 31-40 age-group is the largest and that 74 % were aged between 20 and 50-the period when the permanent natural dentition is normally present.
Symptoms both local and regional. 82 cases.- Table III shows that 82 of the cases had local symptoms which could be related by the patient to the joint or to mandibular function. The symptoms were the same as previously described by myself (Hankey, 1954 (Hankey, , 1955 (Hankey, , 1956 and by many others, i.e. clicking with or without pain, occasional locking at first reducible but often eventually irreducible and merging into restricted opening, at first with pain and spasm of muscles but later becoming painless after fibrous contractions or adhesions had taken place. Others complained of recurrent subluxation either primary or in the joint opposite to the restricted one. The type of pain complained of was spasmodic, short and sharp or else a dull continuous ache and the distribution was usually in the joint itself, up the auriculotemporal nerve, down the inferior dental nerve or along the side of the maxilla. Eating or movements of the mandible aggravated the pain. The fact that the joint or masticatory muscles were in some way involved was clearly indicated. The regional symptoms to be described were often superimposed. Patients in this group were often referred from an orthopedic surgeon. Symptoms-regional only. 18 cases.- Table IV tabulates the symptoms of the 18 patients who were unable to relate their complaints to the joint or to mandibular function. They consisted mainly of neuralgias of varying intensity and duration and not always limited to the distribution of the V nerve. The differential diagnosis was more difficult, but after eliminating all other possibilities, the source of the trouble was thought to be in the joint or its musculature. The symptoms described by Costen are included and it is at once apparent that deafness, giddiness, sinus pains and altered lingual sensation are all conspicuous by their absence, which conforms with my previous analysis; the only case with tinnitus also had earache-the pain was cured but not the tinnitus.
Most of this group of patients complained of symptoms 1 and 2: that is some form of neuralgia along the distribution of the second and third divisions of the V nerve or of pain in and around the ears. In the first place they often went to the neurologist or the otologist who were unable to account for the symptoms in their field. On examination, however, the pain described by the patient as being in the ear was, in fact, often found to be just anterior to the ear in the joint and on palpation the joint might be tender. This confusion is natural when it is remembered that the auriculotemporal nerve conveys sensation and pain from the anterior surface of the external auditory canal and from the anterior and upper part of the external surface of the tympanic membrane as well as from the joint and temporal region, the postero-inferior part of the external surface of the membrane being supplied by the vagus.
Headaches up the side and on the top of the head, symptom 3, were the next most frequent complaint: the area roughly corresponds to that supplied by the middle meningeal artery.
A recurrent sensory nerve from the third division of the V nerve re-enters the skull through the foramen spinosum with this artery and supplies the dura mater in the same area of distribution. The pain can therefore be referred from other parts of the third division. So far the pain symptoms are in the area of the trigeminal and could all be due to stimulation of the auriculotemporal branch.
Pain up the back of the head and down the side of the neck and chroat, symptom 4, is in the area supplied by the second and third cervical spinal nerves and is more difficult to explain in relation to the joint. The area of these nerves borders on and in some parts overlaps the area of the trigeminal. Stimulation of II and III cervical can not only cause pain in their sensory distribution but also, through their motor branches, can cause spasm and stiffness of the neck muscles and sternomastoid. The sensory root fibres of the trigeminal nerve concerned with pain, deep pressure and temperature pass down through the pons and medulla as low as the second cervical segment (Harris, 1937) . By synaptic overflow therefore the cervical nerves can be stimulated and give rise to referred pain, the point of origin being in the area of the trigeminal. It has also been noted that infected antra may be the remote cause of spasm and pain of the muscles up the back of the neck.
Muscles in spasm or partial spasm, symptom 5, become painful of themselves although inflammation or trauma may have been the original cause of the spasm. If the meniscus or part of the synovial membrane of the temporomandibular joint is accidentally nipped, there is immediate pain; inflammatory reaction and effusion will be followed by some degree of protective muscular spasm to restrict movement and avoid further pain during the period of healing. If the trauma to the joint is chronic the muscular reaction will be the same. Similarly, if the occlusion is at fault and undue or unequal stresses are thrown on certain teeth and their supporting structures then, as pointed out by Ballard (1956) and others, either the teeth are gradually forced into a more comfortable position or they become painful and loose and have to be extracted or, by the agency of the acutely developed proprioceptive senses conveyed in the nerves of the periodontal and supporting tissues, the mandible as a whole by reflex muscular action moves distally, mesially or eccentrically into a bite of accommodation thereby avoiding the painful stimulus. This unnatural movement upsets the normal delicate balance between the muscles on either side of the mandible and may result in muscle spasm and pain without evidence that the joints are also involved. There is a great field here for further electromyographic study. Schwartz and Cobin (1957) are of the opinion that painful spasm of the masticatory muscles is the commonest symptom associated with temporomandibular dysfunction, malocclusion being only a contributory factor. Pain in the throat or on swallowing, symptom 6, may well have a similar muscular explanation for its cause. If the muscles of the neck or mandible or both can be put into a state of tension or spasm through inco-ordinated or unusual movements, then the normally smooth process of swallowing can likewise be disturbed.
Transitory tinnitus and deafness, symptoms 7, 8, 9, can be brought on by trauma or infection of the internal pterygoid muscle by spread from an infected wisdom tooth or following an inferior dental nerve block anasthesia, the reason being that the motor nerve to the tensor tympani and tensor palati muscles comes off the nerve to the internal pterygoid which may be involved. The sensory nerve of the inner surface of the tympanic membrane and the lining of the eustachian tube is a branch of the glossopharyngeal; catarrhal or other blockage of the eustachian tube can cause deafness or deep ear pain but it is impossible for the retruded condyle to effect this by direct pressure.
Sinus pains, symptom 10, can be referred to the area of the joint and the reverse is possible, both being within the distribution of the same nerve.
And lastly, altered sensation or pain in the anterior part of the tongue, symptom 11, could be referred for the same reason from the joint along the lingual nerve. But the chorda tympani nerve, a branch of VII, has no pain fibres, is concerned with taste only and has no relation close enough to the joint to become involved. Although none of these 100 patients happens to have complained of lingual symptoms, there have been several among the other 400.
One in particular, an edentulous woman aged 70, had been unable to wear her lower full denture for a long time owing to extreme sensitivity and pain of the right anterior two-thirds of the tongue; she had recently only been able to eat the softest of food with great difficulty and was losing weight.
The tongue was so tender that she could not tolerate the taking of a lower impression until a right inferior dental and lingual nerve block had been given. She had marked overclosure with condylar retrusion. The lower denture was raised to the correct height with an overlay and before insertion in the mouth a right lingual nerve block with proctocaine was given which lasted for ten days. She was then able to wear the denture which gave support to her mandible and prevented overclosure.
At the end of ten days one more lingual Proctocaine injection was given. From then onwards the pain in the tongue disappeared and she was able to eat in comfort.
Details of the 18 cases with regional symptoms only.-A higher proportion than usual were male, 11 were over 40 years of age and only 1 under 30. 7 cases were edentulous and all these were overclosed with an increased free-way space, consequent on alveolar absorption with loss of vertical dimension over a period of years or due to full dentures set up at the wrong height ab initio. It is interesting to note that only 4 of these 7 edentulous cases showed condylar retrusion on X-ray with the teeth in occlusion: the other 3 had normally placed condyles so that their pain was probably of muscular origin. Among the remainder, loss of molar support was the common occlusal deformity.
X-rays of the joints showed that 9 of the 18 cases, including the 4 edentulous ones, had retruded condyles with the teeth in occlusion; the remainder were normally placed. In cases where the condyles have been retruded it is usual to believe that the backward pressure on the posterior part of the joint and on the posterior bilaminar attachments of the meniscus, where the nerve filaments and vessels supplying the joint are mostly situated, is the origin of the pain; but where the condyles are not so displaced, the pain may well originate in the muscles which are constantly contracting to prevent a displacement which would otherwise occur as a result of malocclusion. Prosthetic bite rehabilitation was provided for all 18 cases by overlaid appliances or by partial or full dentures. All of these 18 cases were eventually much better as the result of treatment and eleven of them were completely cured. None of them was psychopathic.
Angle's classification and edentulous cases. -Table V is self-explanatory. More than half the cases had occlusions which could be classified as Angle's Class I; in 6 of these, initially edge to edge, the mandibular incisors had subsided into a labial relation to the uppers owing to lack of molar support and consequent overclosure. Only 27 were Class II: not as many as has previously been supposed. Malocclusions. -Table VI shows a simplified grouping of the types of malocclusion encountered. 28 were overclosed, of whom half were edentulous; all the edentulous cases were overclosed; 22 had loss of molar support, increased to 30 if 8 overclosed cases are added. Mutilations (haphazard extractions which allow drifting, tilting and over-eruption of the teeth remaining) accounted for 24 cases. Irregularities and cuspal interference 17, cross bites 6, made up the rest. Only 3 could be considered completely normal. It would be interesting to survey a large number of patients to see how many are normal in a civilized community. Joint X-ray findings. -Table VII is shown in order to answer queries as to whether T. M. (1946, 1949, 1951) has emphasized the importance of the rest position of the condyles in the glenoid fossm, particularly in relation to the correction of occlusal deformities, and largely due to his influence it came to be accepted that a pure hinge movement took place in the lower compartment of the joint during closure of the mandible from rest to occlusion and without further translation backwards or upwards of the condyles. Recently, however, Nevakari (1956) has denied this supposition and states that in this same final path of closure the condyle in all cases undergoes a slight translatory movement upwards and backwards averaging 1 mm.-which is very little and difficult, if not impossible, to demonstrate on an ordinary X-ray. A translation during closure from rest, of more than 2 mm., could therefore still be accepted as abnormal. Husted (1956) is very sceptical about the usefulness of X-ray films to determine the influence of bite displacements on the position of the condyle in the glenoid fossa. There is no doubt that, unless a special detailed technique is employed either by the dental specialist himself, or by the radiographer in the closest association and full understanding of the requirements, many routine X-rays of the joint are valueless, if not misleading. The only variants permissible are the controlled jaw movements; the relative position of the head, film and tube must be static and possible to repeat in an identical manner at the same or a later sitting.
(A satisfactory technique for taking transcranial lateral oblique films of the T.M. joint was shown later.) No two patients have condyles or fossae the same shape or size; often the two sides vary in the same individual, Very rarely will a gross pathology be revealed in these cases of dysfunction or pain; the search is for abnormal movement or displacement.
In this series 34 cases had normal X-ray films. 31 cases showed condylar retrusion with the teeth in occlusion as compared with the resting position; 16 of these were retruded on one side only suggesting a lateral displacement of the mandible by cuspal interference as opposed to centric closure. 15 were retruded on both sides suggesting a displacement backwards of the mandible as a whole. 7 cases showed condylar subluxation when the mouth was wide open, often in Angle's Class III or pseudo Class III occlusions, sometimes on one side only when the other was restricted. 20 cases showed limited forward movement of the condyles on opening, suggesting meniscal block or muscle spasm or both.
Only 8 cases showed pathological change of joint outline-1 due to osteoarthritis, 2 to generalized rheumatoid arthritis, 1 to Neisserian infection, 1 to osteochondritis of the condyle, and 3 to congenitally malformed condyles.
Psychiatric assessment. -Table VIII is an effort to answer the suggestion frequently made that a large proportion of the patients complaining of mandibular syndrome symptoms are neurotic. Out of these 100 patients only 3 were definitely diagnosed as psychoneurotic; 9 more suffered from a lesser degree of anxiety neurosis, and there were a few more women who manifested menopausal instability. It is interesting to note that 4 of these 12 cases were male and that the only 2 cases not improved by treatment were also male. Of the 12, 6 were cured of their mandibular syndrome, 4 were much improved, 2 were no better. The average age of these patients was 30 years or more except for 4 young females. By and large it seemed that the psychological reaction of the rest of these 100 patients was average and what is to be expected of a patient attending a large hospital for medical treatment. Staton (1955) reviewed a group of patients suffering from mandibular syndrome symptoms from the psychosomatic aspect. He considers that a mild neurosis occurs in all types of patients attending for medical treatment, but that the syndrome may occur coincidentally without relation to neurosis. He accepts the possibility of a psychosomatic precipitation factor in the initiation of pain episodes and that the onset of symptoms may coincide with emotional stress, anxiety or tension state and may terminate with it, but that this should not deviate attention from applying accepted and established therapy. With the physical correction of anatomical derangement, the psychosomatic precipitation of painful episodes should become impossible.
Treatment.- Table IX shows the relative frequency of employment of the various lines of treatment of these cases. Almost 80% were supplied with some form of removable prosthetic appliance because it was impossible to take the strain off the joints, relieve muscle spasm and provide a reasonable, balanced occlusion in a centric relation by other means. It is, of course, possible to rehabilitate some occlusions by means of fixed onlays . . 10 NoTE.-Two or more lines of treatment were often used on the same patient, but the figures show the percentage frequency of employment of each kind. and bridges, but this type of work is terribly time-consuming, extremely expensive and involves the highest technical skill only possessed by specialists in crown and bridge work. It is therefore only available for the few, and impracticable in a State medical service, not to mention the fact that nothing is worse for a painful joint accompanied by muscle spasm than long hours in the chair with the mouth open especially when it is remembered that very often the commencement of joint symptoms dates from just such a session. Moreover in several instances the mandibular syndrome has been the direct result of crown and bridge work which, far from rehabilitating the bite, has produced unnatural strains and stresses and thrown the occlusion off centric. A removable plastic overlaid appliance is easily and cheaply made with the minimum of inconvenience to the patient and supplies an immediate remedy for the pain; later, when the spasm and pain have been relieved, it can sometimes be worn less and less, perhaps only at night, or eventually discarded altogether. Others who have many teeth missing, have to wear a permanent appliance which serves both as an overlay and as a denture.
Among the 21 patients who were not treated with prosthetic appliances were those with only minor degrees of malocclusion which could be cured by selective grinding, muscle exercises and self-control. It is also clear from the figures that many patients required several lines of treatment.
Injections into the periarticular tissues and joint cavities of hydrocortisone have proved of great benefit in cases whose pain was not relieved by bite rehabilitation alone or in whom there was an established mild degree of osteoarthritis. Strean (1957) has recently published an excellent monograph on the uses of cortisone in dentistry. Pinkey (1955) reports the effect of hydrocortisone on some 350 patients suffering from mandibular syndrome. Its use is empirical, non-specific and purely palliative; its real action is unknown, but it relieves pain and probably aids in the healing of injured tissues. It should be used only as an adjunct to basic dental treatment. The actual intra-articular injection of 1 c.c. of hydrocortisone using a 2 c.c. glass record syringe with a 22 gauge needle, is quite simple and painless if preceded by a superficial and periarticular injection of about 1 c.c. of 2% Xylocaine, using a fine needle. The joint is most easily entered from behind when the mouth is half-open and the condyle is drawn forwards. The point of entry, by palpation, is about o in. anterior to the tragus of the ear. Loose, recurrently subluxating joints can be injected in the same way with a mild sclerosant such as sodium psylliate or a 2 % phenol in glycerin and glucose, in order to cause a contraction of the capsule. Endografen is an excellent contrast agent for arthrography, gives no painful reaction and is rapidly absorbed.
The only disturbing feature for the patient of these injections is an occasional but purely temporary facial palsy brought on by the Xylocaine; the patient should be warned of the possibility beforehand.
Unilateral meniscectomy was performed on 5 cases out of the 100, and all of these were among my early cases treated prior to 1953. Operation was only recommended after all conservative treatment had failed and where there was an obvious meniscal displacement or obstruction with continued pain. In all cases the operation cured the pain but forward condylar translation afterwards tended to be restricted owing to capsular contraction. Sometimes the originally unaffected joint then became overmobile by way of compensation for the limited movement of the operated side and later tended to give trouble. It would seem that balanced and equal muscular action on both sides is of great importance and it is debatable whether the meniscectomy should not be bilateral. The patient only needs to be in hospital about a week for meniscectomy and there is no visible post-operative scar. Exercises or even a training flange should be instituted as soon afterwards as possible in order to obtain the maximum condylar movement. Rehabilitation of the bite is still essential after the operation. In my first 150 cases, 16% underwent surgery (Hankey, 1954) , in the next 260 only 3 % (Hankey, 1956) , and since then an even smaller percentage.
The rationale of bite rehabilitation in the treatment of temporomandibular dysfunction has been dealt with in detail in my previous papers to which reference has already been made. In brief, however, the aim in all cases of mandibular syndrome attributable to malocclusion is to restore that occlusion to the normal centric level and to maintain it in equilibrium so that the teeth can grind freely in all directions without locking, bumping or unequal muscular strains and so that the condyles at the same time are symmetrically Prosthetic details.- Table X shows the types of appliances made for those 79 in Table IX who needed prosthetic aids and at the same time it demonstrates the percentage of cases who needed permanent appliances. 50 cases were fitted with acrylic overlays and of these 18 were later fitted with permanent chrome-cobalt skeleton type overlays; a time-consuming, highly skilled mechanical project. It is likely that the final permanent overlay figure will be as high as 25; the output of the laboratory is a limiting factor. Patients for permanent appliances are taken in rotation; in the meantime new cases in pain have to be dealt with by priority and supplied with trial acrylic appliances. This means that the trial appliances have to be worn a long time. On average they are very comfortable if streamlined and made as small as possible consistent with strength, and with the maximum tongue room.
The 14 overclosed edentulous cases all required permanent full dentures raised to the correct vertical dimension. In the first instance it is often a good plan to fix a trial acrylic overlay to the old lower in order to find the correct and most comfortable occlusion; the new denture is later made to this height and bite.
The overlays and full dentures, all increasing the vertical dimension, together totalled 64 % and of these, 32 were permanent and 9 more cases required partial tooth-borne dentures without opening the bite. 6 under 20 years of age were treated orthodontically. 15 cases did not require prosthetic appliances, but every case necessitated the taking of impressions, face-bow readings and the mounting of the models on the dentatus articulator. 6 cases did not return for further treatment after the first visit, but all returned for examination or answered the questionnaire in July 1957. Attendances for treatment. -Table XI gives an idea of the average number of attendances of each patient necessary for prosthetic treatment and the amount of time involved. In addition there must be reckoned the mechanic's time spent in the laboratory in the making of the appliances and any additional attendances necessary for physiotherapy, &c. On average 5 visits spread over two months from initial examination to fitting of trial appliance were necessary per patient; 3 more visits spread over the next four months for adjustment and follow-up were often needed. If a permanent appliance was essential later, 4 more visits were entailed. Such a patient would have to attend at least 12 times in the course of a year.
It can therefore be readily understood that the work of a temporomandibular clinic rapidly accumulates and that it requires the services of a highly trained staff to deal with it efficiently.
Caries incidence under 50 overlays in Table X .- Table XII shows that 5 of the 50 cases wearing movable overlaid appliances developed superficial enamel caries of the teeth beneath them apparently in spite of reasonable oral hygiene, but probably the hygiene was not as good as stated; with improved instruction and care it should be possible to lower this figure. The remainder did not seem to be more prone to caries than the average. Results of treatment. -Table XIII shows that, following treatment, 60 of the 100 cases were completely cured and another 34 were much improved but not entirely free from symptoms. The time factor for improvement or cure is also shown; 51 % were cured within seven months; another 31 % were much better within twelve months, the remainder took anything up to two years. Only 6 cases remained much the same and failed to respond to treatment. An assessment and analysis of the failures must be made in the future. The percentage of absolute cures is not as high as in my previous analysis, but perhaps this can be partly explained by the fact that as time goes on a higher percentage of difficult cases are referred to my clinics for treatment while the less difficult ones are dealt with locally.
A colour film, with sound commentary, was then shown. The film demonstrated the examination, investigation and treatment of a typical case of temporomandibular dysfunction. SUMARY The ear symptoms described by Costen in his mandibular syndrome, except for pain, are almost non-existent: but the neuralgias are very real.
Distressing facial, head and neck neuralgias without joint symptoms but due to mandibular displacement or muscular tension, were present in 18 out of 100 cases; these 100 cases are reviewed.
An explanation for the wide area covered by the neuralgias is given. 34% of the T.M. joint X-rays appeared normal, 58% showed abnormal condylar movement, 8% showed pathological change.
3 % of the patients were definitely psychoneurotic: another 9 % suffered from a mild anxiety state. 97%/0 had some form of malocclusion. 79 % required prosthetic appliances. 8% were helped by intracapsular injections of hydrocortisone: 5 % required meniscectomy. 20% required permanent overlaid appliances: another 30 % required trial overlays.
A 10% increase of caries incidence beneath the 50 overlays was found (5 % of the total). 60 % were cured, 34 % much improved, 6 % unchanged. Average number of attendances for conservative treatment was 8, spread over six months.
